The gene expression patterns of primordial germ cells (PGCs) and embryonic stem cells were analyzed by a modified serial analysis of gene expression. During the process, we cloned a novel gene, PGC7, which was preferentially expressed in PGCs. Immunohistochemical analysis revealed that PGC7 was specifically expressed in early pre-implantation embryos, PGCs and oocytes. These results suggest that PGC7 might play an important role in the development of PGCs and oocytes. q
Results and discussion
The gene expression patterns of embryonic stem (ES) cells and primordial germ cells (PGCs) were analyzed using a modified serial analysis of gene expression (SAGE) (Yamamoto et al., 2001) . We designated one of the cDNA preferentially expressed in PGCs as PGC7 and cloned its full-length cDNA. The deduced amino acids (aa) sequence indicated a putative PGC7 protein composed of 150 aa residues (Fig. 1A) , which lacked homology to any of the known protein. Motif analysis revealed a putative bipartite nuclear localization and export signals at aa 42-59 and 32-46, respectively (Fig. 1A) suggesting that PGC7 is a nuclear protein. The PGC7 transcript was detected as an approximately 0.7-kb band that was predominantly expressed in the adult ovaries (Fig. 1B) .
Rabbit polyclonal antibodies against PGC7 was produced ( Fig. 1C ) and used to analyze PGC7 expression in ovaries, first. PGC7 was expressed in oocytes but not in any other ovarian cell type (Figs. 2A,a) . PGC7 was mainly localized in the cytoplasm at the primary oocyte stage and in oocytes within mono-laminar follicles (Figs. 2B,a,d ). Meanwhile, PGC7 was expressed in both the nucleus and cytoplasm of oocytes in bi-laminar (Figs. 2B,b,e) and Graafian follicles (Figs. 2B,c,f) .
Next, we examined the expression of PGC7 in pre-implantation embryos. PGC7 was diffusely distributed throughout the unfertilized eggs (Figs. 3A,a) . Following fertilization, PGC7 was localized to two pronuclei and the polar body after 12-16 h, and cytoplasmic localization was significantly decreased (Figs. 3A,b) . PGC7 was localized diffusely both in the nucleus and cytoplasm again during the 2-cell and morula stages (Figs. 3A, B, a, b, d, e) . In E3.5 blastocysts, both the trophoectoderm cells and the inner cell mass expressed PGC7 and its localization was mainly nuclear (Figs. 3A,g,B,c,f). PGC7 expression ceased when E3.5 embryos were cultured for 1 day in M16 medium (E4.5; Figs. 3A,h). No expression could be observed in the epiblast of early postimplantation embryos at E5.5 (data not shown).
Expression of PGC7 was recapitulated in the cells at the base of, and within, the allantois at E7.5 (Figs. 4A,a), when a cluster of PGCs was detected. PGC7-positive cells increased in number and moved into the hindgut wall at E8.5 (Figs. 4A,b) and migrated along the dorsal mesentery toward the developing genital ridge at E9.5 (Figs. 4A,c). Immunostaining with two monoclonal antibodies, 4C9 (kindly provided by Dr Muramatsu) (Yoshinaga et al., 1991) and TRA98 (kindly gifted by Dr Nishimune) (Tanaka et al., 1997) , both of which are expressed on immature germ cells, or alkaline phosphatase staining were utilized to PGC7-positive cells were detected in female gonads until E12.5 (Figs. 4B,a,d ). At E14.5, the majority of the germ cells lost PGC7 expression and only some cell clusters showed any staining (data not shown). No PGC7 expression was detectable in female gonads at E16.5 (Figs. 4B,b) . Although the expression level was low, oocytes started to regain PGC7 expression at 1-day post-partum (dpp) (Figs.  4B,c,f) . In male germ cells, PGC7 expression was observed at day E13.5 (Figs. 4C,a,d ) and gradually decreased from E15.5 (Figs. 4C,b) . No PGC7 expression could be detected in the testes at 1 dpp (Figs. 4C,c) or afterwards (Figs. 2A,b) .
Several genes that are expressed specifically both in PGCs and descendant germ lineage cells have been reported. Most of these genes, such as Oct-3/4 or those encoding the synaptonemal complex, are expressed in the germ cells of the gonads of both males and females (Di Carlo et al., 2000; Pesce et al., 1998) . To the best of our knowledge, PGC7 is the first gene whose expression is found in the PGCs of both sexes, and whose expression is restricted to female germ cells after birth. There are a couple of PGC markers such as Oct-3/4, TNAP or 4C9 (MacGregor et al., 1995; Yeom et al., 1996; Yoshimizu et al., 1999; Yoshinaga et al., 1991) . Although all of these markers are expressed in the primitive ectoderm and/or epiblast, PGC7 is specifically expressed in germ lineage cells after implantation. Considering that PGC7 is one of the earliest markers for germ lineage, it provides an excellent marker for PGCs.
Methods
A modified SAGE analysis was carried out using E14 ES cells and PGCs isolated from E12.5 TNAP b-geo mice kindly provided by Dr MacGregor (Abe et al., 1996; MacGregor et al., 1995) . Computer analysis of the tag sequences was carried out with a specialized program (available on request). PGC7 cDNA was produced by RT-PCR from the mRNA of E14 ES cells using the EST database.
Nucleotides 212 to 1189 of the PGC7 cDNA sequence, corresponding to aa 1-63, were PCR amplified and cloned into the bacterial expression vector pGEX4T-3 (Amersham Pharmacia, Buchinghamshire, England) to produce GST-PGC7 fusion protein.
Collected eggs and embryos were fixed in 4% paraformaldehyde in phosphate-buffered saline (PBS) for 4 min, permeabilized with PBS containing 0.2% Triton X-100 for 10 min. The genital ridges dissected after E10.5 and whole embryos at E5.5-10.5 were fixed in a solution of 4% paraformaldehyde in PBS. The staining was visualized with fluorescein isothiacyanates labelled goat anti-rabbit IgG (H 1 L). 
